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INTRODUCTION
This is the Seventeenth Quarterly Progress Report on the project, period July 15 through October 15, 1965.
It cover8 the
In previous study on the project of the purification of PbTe by vacuum sublimation, it has been shown that sublimation is an effective means of reducing the concentration of certain impurities in PbTe and of preparing relatively low-carrier concentration, highmobility crystals of PbTe. Some additional experiments on the process have been accomplished this quarter. Some effort has been shifted to a study of the effects of impurities in PbTe. The effects of platinum and mercury are now under study and are discussed in this report. 
SUMMARY
In the studies to date, PbTe with platinum has been found to produce low-carrierconcentration, high-mobility material. Certain platinum-doped samples exhibit the double crossover of the Hall coefficient in the temperature range 77-420°K. It is believed that the observed characteristics result from the interaction of platinum atoms and stoichiometric defects. Further consideration of the effects of platinum, along with those of other impurities, is planned.
Initial experiments indicate that doping PbTe with mercury produces high-carrierconcentration, low-mobility, p-type material.
A number of successive sublimations of n-type PbTe at 700°C was found to produce the low-mobility material similar to that previously obtained after three or four sublimations at 800°C. Heat treatment of the low-mobility samples in the vapor of leadrich PbTe stock converted them to high-mobility material.
The electrical properties observed for the crystals at temperatures down to 77°K appear to be dominated by native defects and are strongly dependent upon the thermal history of the crystal. Electrical-property studies down to liquid-helium temperature are planned for the purpose of determination of the effects of foreign impurities. Two platinum-doped samples were annealed at elevated temperatures in the vapor of lead-rich PbTe stock. These samples were taken from the p-type region of Crystal 18761-98. The effect of the heat treatment on the properties of the samples is shown by the data in Table 1 , which lists the properties of the samples at 77*K. It will be noted that the electron concentrations in the samples were increased by the heat treatment. However, the carrier concentrations of the annealed samples were considerably less than would be expected tor undoped samples heat treated under the same conditions, i. e., 2 x 10 18 and 2-4 x 10 17 per cm 3 at 800 and 850'C, respectively. Thus, insofar as the free-electron concentration and solubility of leaa correspond, platinum appears to reduce the effective solubility of lead in PbTe. After heat treatment, the Hall coefficients of the samples did not exhibit double-crossover behavior, but were negative over the entire temperature range covered. The mobilities at 77°K of various platinum-doped samples are plotted as a function of carrier concentration (at 77'K) in Figure 4 . The open circles are for samples from "as-prepared" platinum-doped crystals; the solid circles are for platinum-doped samples which had been heat treated in the vapor of lead-rich PbTe stock. With the exception of 21321-85-1, the carrier concentration-mobility data of these doped samples are roughly comparable with, or mobilities are slightly higher than, those of undoped PbTe. (The "normal" curve exhibits a maximum in mobility at about 2-4 x 10 1 ? electrons/cm 3 ,) Thus, a single type of impurity center appears to dominate the conduction process at 77°K in all samples except 21321-85-1, which is apparently compensated at this temperature.
FIGURE 2. HALL COEFFICIENT AS A FUNCTION OF RECIPROCAL TEMPERATURE FOR VARIOUS AS-GROWN PT-DOPED CRYSTALS OF PbTe FIGURE 3. RESISTIVITY AS A FUNCTION OF RECIPROCAL TEMPERATURE FOR VARIOUS AS-GROWN Pt-DOPED CRYSTALS OF PbTe
Crystals of PbTe, which are grown from undoped stoichiometric or telluriumrich melts, are p-type at room temperature (except perhaps for the very last-to-freeze portion). That Crystals 18761-98 and 21321-85 which were cast from platinum-doped melts were largely or entirely n-type indicates that platinum is a donor in PbTe. This indication is supported by the observation that platinum appears to reduce the effective solubility of lead in PbTe. Such behavior is opposite to that of copper which increases the effective solubility of lead in PbTe and is believed to be an acceptor in PbTe. However, a simple donor model for platinum does not account for the low-carrier concentration of "as prepared" crystals, or the double-cross over behavior observed in certain samples. It is likely that platinum atoms react with stoichiometric defects to produce the observed effects. Effort will be made to develop a model to account for the properties of platinum-doped PbTe. Selected crystals are to be analyzed to determine the concentrations of platinum present in the crystals.
It is worthy of note that doping with platinum appears to be an effective means of preparing PbTe with low n-type carrier concentrations (<10l6 cm" 3 ) with high electron mobilities for those carrier concentrations.
Mercury as a Dopant in PbTe
In this quarter, the electrical properties of samples from mercury-doped crystals prepared previously (Seventh Quarterly Progress Report, April 15, 1963) were measured as a function of temperature. The crystals, 19733-8 and 19733-9, were cast from tellurium-rich melts and were p-type except for caps of the very last-to-freeze material. Carrier concentrations of samples from both as-grown crystals were above 1018 holes/ cm 3 , from liquid-nitrogen to room temperature but were not "well behaved" with temperature. The Hall coefficient of one sample exhibited a maximum at about 125*K, while treatment is the increase of the charge-carrier mobility in Crystals 21321-52A and 21321-66-1. Before the anneal, the carrier-concentration-mobility data suggest that these samples are "compensated". After the anneal, the carrier mobilities for the crystals are as high as those expected for essentially uncompensated specimens at the measured carrier concentrations which, it can be noted, increased slightly for these crystals on heat treatment. For Crystal 21321-51-1 the carrier concentration increased and the mobility decreased slightly as a result of the heat treatment. After the anneal, the properties of all three samples are nearly identical, indicating that the properties observed at temperatures down to 77*K are determined primarily by the final heattreatment conditions. The effect of the sublimations, if any, is not discernible now.
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An n-type charge of PbTe was distilled four times at 700*C. A crystal grown at 700*C from the final sublimate had a carrier concentration of 1. 1 x 10*8 electrons/cm 3 and a mobility of 2. 4 x 104 cm 2 /volt-sec at 77"K. A mobility greater than 3. 0 x 104 cm^/volt-sec can be expected for such a carrier concentration. Thus, successive sublimations at 700*C finally lead to low-mobility material similar to that obtained after a number of sublimations at 800°C. As has been suggested previously, the properties observed after a number of successive sublimations may be due to the interactions of native stoichiometric defects. In addition, as shown above, heat treatment in the vapor of lead-rich PbTe stock restores the high mobility, indicating that the low mobility observed at temperatures down to 77°K after a number of sublimations is due to an intrinsic property of PbTe rather than to foreign impurities.
Electrical-property measurements on selected vacuum-sublimed specimens at temperatures down to the liquid-helium temperature are planned to look for effects of residual foreign-impurity concentrations.
FUTURE PLANS
Plans for the future call for a continuation of the study of the effects of impurities in PbTe. It is expected that the work will be concerned primarily with mercury. Additional mercury-doped crystals will be prepared and samples will be heat treated. Consideration of the effects of platinum doping will be continued also to develop a model to account for the properties of platinum-doped samples. Some additional investigation of electrical properties of vacuum-sublimed materials at low temperatures is planned also to study the effects of foreign impurities. 
Data upon which this report is based can be found in Battelle Laboratory
